A cytogenetic study was performed on 40 workmen who were exposed to the pesticides malathion and chlorpyrifos and on 30 healthy males who had not been so exposed. The exposed workers had a consistent increase in chromosome abnormalities including chromatid gap, chromatid break, isochromatid break, dicentric and ring chromosomes, as determined by the standard chromosome aberration assay, when compared to the control group. The incidence was significantly higher in exposed smokers than that for exposed non smokers and than that for the unexposed controls as well. These findings provide further evidence for the intrinsic mutagenic activity of the pesticides studied.
INTRODUCTION
Application of pesticides in agriculture is still the most effective and accepted means for production of better crops. Their widespread application shows deleterious effects on the environment and human life in different ways. It is usually connected with serious problems of pollution and health hazards [1] [2] [3] [4] [5] [6] [7] . A subtle danger from wide scale use of these chemicals may be mutagenesis and toxicity to a broad range of organisms, either by direct exposure or by their ingestion through the food chain [8] [9] [10] [11] . Whereas several studies have reported adverse effects of pesticides on chromosomes in a laboratory test system [9, [12] [13] [14] [15] [16] [17] , few have been done in populations occupationally exposed to pesticides [18, 19] . In studies of chromosome aberrations in workers occupationally exposed to pesticides both positive [3, [18] [19] [20] [21] and negative findings [22, 23] have been reported. This prompted one to study the cytogenetic effects in agricultural workers occupationally exposed to pesticides in Jordan, most of whom are not protected during their use in the fields.
MATERIALS AND METHODS
The study included 40 healthy male agricultural workers (age range 24-29 years) with a mean age of 26.3 years who were exposed to the pesticides malathion and chlorpyrifos with varied durations of exposure (2-5 years) in Jordan. Thirty unexposed healthy males of the same communities (age range 23-28 years) with a mean age of 26.10 years who had no occupational contact with pesticides, were used as a control group. Twenty of the 40 workers and 16 of the 30 controls were smokers. All the participants in the study completed a questionnaire about their medical and occupational history. Any of the individuals who had been exposed to any agent known to interfere with the results, such as expo-sure to X-ray, to viral infection, or to drugs within a period of 3-4 months preceding the blood sampling was excluded.
Peripheral blood samples were collected by the classical method and sent coded to the Genetics Laboratory (Department of Biological Sciences, University of Jordan, Amman, Jordan) for cytogenetic analysis. Lymphocyte cultures were performed according to Hungerford [24] , with minor modifications. The lymphocytes were cultured in RPMI 1640, supplemented with 20% fetal calf serum, penicillin-streptomycin solution and 0.2 mL phytohemagglutinin. Incubation was at 37°C for 48 hours and, during the last 2 hours, colcemid (0.1 µg/ ml) was added to produce mitotic arrest. The cells were then treated with hypotonic potassium chloride (0.075 M KCI) and fixed with glacial acetic acid in methanol (1:3). Air-dried slides were stained with 10% Giemsa. A total of 200 cells per individual were examined. Only cells with complete chromosome number were scored for chromosomal aberrations which were classified and recorded as recommended by the World Health Organization [25] . The data obtained were statistically analyzed by means of the t-test.
RESULTS
The cytogenetic analysis of structural chromosome aberrations was performed in 8,000 cells from the 40 exposed workers. The data on chromosomal aberrations are given in Table 1 . Aberrations produced by the pesticides included gaps, chromatid breaks, isochromatid breaks and exchanges like dicentric, rings and trivalents. The results were compared with those obtained from 30 unexposed healthy controls, who were living in the same communities, as shown in Table 2 . When the corresponding data were compared between workers and controls, the workers showed significantly (p <0.05-p <0.01) higher rates for numbers of abnormal cells, gaps, chromatid breaks and chromosomal aberrations analyzed separately or combined as compared with the controls in both smokers and non smokers (Table 3 ). In individuals exposed to pesticides, a slight increase (but not significant) (p >0.05) in the frequency of abnormal cell, gaps and chromatid interchanges was observed in the smokers when compared to non smokers.
DISCUSSION
Extensive studies have been carried out to investigate the genotoxic effects of organophosphorus pesticides [1] . The in vitro and in vivo cytogenetic assay is important for monitoring the genotoxicity of these pesticides [3, 16, 18, 26] . In the present study, a cytogenetic investigation was carried out on field workers who were exposed to pesticides and given to the habit of smoking (Table 1) . For comparison, studies were also carried out on smokers and non smokers who were not exposed to pesticides ( Table  2 ). The breaks induced were mainly of the chromatid type, indicating damage at the G 2 phase of the cell cycle (Table 1) . Similar effects had been recorded earlier on other mammalian system [27, 28] .
Statistical analysis revealed that there was a significant increase in chromosomal aberration rate in smokers exposed to pesticides compared to smokers who were not exposed (Table 3 ). This does not agree with the reported results [29] .
As Tables 2 and 3 indicate, the control smokers showed a significant increase in chromosomal aberration rate when compared to non smokers controls. This provides further evidence for the intrinsic mutagenic activity of smoking and agrees with observations reported [30] [31] [32] [33] [34] .
This study demonstrated a high statistically significant increase in the chromosomal aberrations in the lymphocytes of the exposed smoker and non smoker workers compared with the controls (Table  3) . These findings agree with the observations made by several authors [3, 16, [18] [19] [20] . However, two aspects in the induction of these chromosomal aberrations must be considered. One is that the chromosomal aberration increase could be attributed to the fact that workers were exposed to the pesticides for long periods each year and the level of exposure was enough to produce chromosomal aberrations. The second aspect is that the higher chromosomal aberration frequency might be due to the combined activity of the pesticides. Taking into account that those workers use a large spectrum of pesticides and most of them are not protected by safety measures and, possibly, this kind of exposure is responsible for the observed chromosomal aberration increase. Moreover, this finding is consistent with the observations reported by other authors [18, [35] [36] [37] [38] [39] . Since the significant increase in chromosomal aberration in the present study could be due to the fact that the workers were exposed to two pesticides, a further study should include a cytogenetic evaluation of individual pesticide.
CONCLUSIONS
This first cytogenetic study performed in Jordan revealed a highly significant increase in the number of chromosomal aberrations in lymphocytes of agricultural workers, smokers and non smokers, exposed to malathion and chlorpyrifos. Therefore, it is recommended that precautionary measures should be taken and that smoking should be avoided while spraying.
The exposed group needs further biological tests and follow-up to identify other potential factors leading to later malignancy development. A new environmental policy with a rational strategy is needed to reduce the contamination and genetic risks to these agricultural workers. These considerations may yield greater insights, greater awareness, and modified public policies, and increase activity to mitigate these adverse effects.
